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Molten metal, under an inert gas atmosphere, is extruded 
under pressure through multiple microscopic sized holes (20 to 
90u in size) in a nozzle, to form a powder of the molten metal. 

These powder particles are not perfect spheres but have 
non-curved parts on their curved surfaces. 

These metals such as molten solders of gold alloy, copper 
alloy or silver alloy form solder powders of these alloys. 
These solder particles may be kneaded with wax to form solder 
pastes. 

ADVANTAGES 



The powders are internally stable because areas of the 
particles are non current. 

Further the outer layers harden on cooling, preventing 
oxidation of the inside. This makes the paste made from 
powder very stable over long periods. 

By using different size nozzles to size of the powder can 



L(3-H4E4) AA(22-G3H, 22-H1, 23-Al) 



be regulated to produce extremely uniform powder size. This 
gives very good results in painting (printing) on printed 
circuit boards and is ideal for high density (narrowly spaced) 
patterns. 

PREFERRED EMBODIMENT 

Molten metal (9) in a pressure vessel (18) Is passed 
through an extrusion nozzle (12). This nozzle (12) has 
microscopic size nozzle holes(ll) through which the molten 
metal (13) continuously falls through the nozzle holes (11). 

The droplets ( 1) fall into an externally water cooler con- 
tainer from where they are extracted. 

Both the extrusion and extraction are done under an inert 
gas atmosphere. (13ppl717RKMHDwgNo7/19) 
(E) ISR: WO8401729 US4711660 US4380518 US2811748 
WO8603700 DE3109909 
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® A metallic powder and a paste made from it, and a metallic powder manufacture device. 



0 This invention permits the acquisition of a metal- 
lic powder (1) microscopic in size (for example be- 
tween 20 and 90 urn) through a process in which 
molten metal is extruded from many microscopic 
nozzle holes (13), the droplets being altered to 
spherical shapes as they fall while solidifying, such 
metallic powder having non-curved surfaces in parts 
of the curved surface of the sphere; this metallic 
powder being ideal as a metallic powder for solder. 
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solder (powder) in this spherical forms a non-ox- 
idisable sphere, as internal oxidation is avoided 
through the cooling and solidifying of the outer 
layer. Examination and enlargement of this sphere 
(powder) under a microscope indicates that for 
some reason not entirely clear, part of the curved 
surface (the surface drawn in a smooth curve) has 
a non-curved surface part (non-smooth surface with 
a flat or ridged surface). Through the provision of 
this non-curved surface on part of the curved sur- 
face, the stability of the powder itself is increased, 
and when a solder paste made by kneading this 
powder into a flux is printed on. the solder does not 
"dull". Further a powder of uniform granularity, of a 
good size distribution and of the microscopic size 
desired can be obtained efficiently through the said 
processing i.e. the extrusion of molten metal, with- 
out interruption, from a large number of, say 40, 
nozzles. However, since the solder powder ob- 
tained as metallic powder is gained without forcible 
destruction, in other words without applying a forc- 
ible shock, "fine" does not occur and even if the 
powder is used as paste, solder balls do not occur 
after solder heating and melting (reflow). 

Also, as a device for manufacturing the metallic 
powder described above, this invention presents a 
metallic powder manufacture device in which mol- 
ten metal, under pressure of an inert gas atmo- 
sphere, is forced through nozzle holes in an extrud- 
ing nozzle consisting of multiple nozzle holes, and 
made to flow, small droplets being made to fall 
from the tips of continuous vertical hanging parts, 
the shape of these microscopic droplets being al- 
tered from droplet shape to spherical shape as 
they fall through an atmosphere, and are cooled 
and solidify. 

Further this invention presents as a metallic 
powder manufacture device, a device in which the 
arrangement of the nozzle holes has been specially 
designed. Specifically, in the metallic powder man- 
ufacture device described above, the nozzle holes 
in the nozzle plate are arranged such that when the 
holes are larger than a constant value determined 
by the diameter of the nozzle holes, and further are 
arranged in lines from the circumference of the 
plate facing a central point, the distance between 
the holes is larger than the constant value deter- 
mined by the size of the metallic powder to be 
manufactured; or the holes may be arranged in one 
straight line with the interval between the holes 
being larger than a constant value determined by 
the diameter of the nozzle holes. 

As a result of the arrangement of the nozzle 
holes as described above, due to a phenomena not 
entirely understood but difficult to produce with any 
other arrangement, the random growth of powder 
by mutual clumping together of droplets as they 
fall can be prevented, giving a metallic powder 



which falls within a very narrow range of particle 
size distribution compared to prior art methods. 

s Brief Description of the Drawings 

Fig. 1 is a partially cut-away side view of the 
powder, 

Fig. 2 is a microscope photograph of the 
w particles at 1000 times magnification showing that 
the powder has no fine, and part of the curved 
surface has a non-curved part, 

Fig. 3 is a side view showing a chip mounted 
on the printing circuit board, using solder paste, 
t5 Fig. 4 is a microscope photograph of the 

particles at 1 50 times magnification showing pow- 
der of a uniform size, around 37-90 am in diam- 
eter. 

Fig. 5 is a microscope photograph at 200 
20 times magnification showing that there is no con- 
spicuous occurrence of solder bails after heating 
and melting (reflow) of the solder, 

Fig. 6 is an overall side view of the device, 
partially cut-away to indicate the metallic powder 
25 manufacture device, 

Fig. 7 is an enlarged side section view of the 
extruded nozzle area, 

Fig. 8 is a partially cut-away outline side 
view of another embodiment of the "solder" pow- 
30 der manufacture device, 

Fig. 9 shows a partial side sectional view of 
the bottom of the pressure; vessel, 

Fig. 10 is an overall perspective view of the 
nozzle plate, j 
35 Fig. 11 is an expanded sectional view of the 

nozzle holes, ' 

Figs. 12 to 14 are outline plan views showing 
different arrangements of nozzle holes, 

Fig. 15 is a microscope photograph of the 
40 particles at 100 times magnification, 

Fig. 16 is a microscope photograph of the 
particles at 500 times magnification, 

Fig. 17 is a partially cut-away outline side 
view showing another embodiment of the "solder" 
45 powder manufacture device, 

Fig. 18 is a microscope photograph of the 
particles obtained using the previous atomization 
method, magnified 500 times, and 

Fig. 19 is a microscope photograph of solder 

so balls. 



Description of the Preferred Embodiments 

55 The embodiments of this invention will be de- 

scribed with reference to the drawings. In this de- 
scription, "metallic powder" and "paste" have 
many of the same features so where necessary for 
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e. Where nozzle holes of around 18um in 
size are used, the average size of the powder is 
55-60um, providing a very uniform powder without 
any fine. 

f. Since an extremely evenly sized powder is 
obtained, solder paste made using this powder 
performs well in painting (printing) on printed circuit 
boards and is ideal for high-density (narrowly 
spaced) patterns. 

Next, a second embodiment of this invention 
will be described with reference to Figs. 8 to 16. 

In the above and following description the 
terms "metallic particle" and "particle" are used in 
the broad sense of the words, meaning both one 
particle and a collection of multiple particles. 

Further in the description of this embodiment, 
the words "metallic powder" and "powder" are 
used interchangeably. 

This embodiment involves a "solder" particle 
manufacture device 101 which is used to manufac- 
ture "solder" particles. 

This "solder" particle manufacture device 101, 
as shown in Fig. 8, is constructed of a pressure 
vessel 102, a case 103 and a powder extractor 

104, connected serially from top to bottom, with a 
nozzle plate 105 mounted at the bottom of the 
pressure vessel 102. 

The nozzle plate 105 consists of a plate 110 
pierced with multiple microscopic nozzle holes 111. 
The arrangement of these nozzle holes 1 1 1 is such 
that if the interval W between the nozzle holes 111 
is larger than the constant value assigned in accor- 
dance with the diameter R of the nozzle holes 111, 
or more specifically is greater than R x 100, and 
the nozzle holes 111 are arranged in lines L facing 
a central point from the circumference of the plate 

105, that interval is larger than the constant value 
determined by the correlation with the particle size 
of the metallic particles to be manufactured. In 
other words, in general, the sole condition for the 
arrangement of holes is that the distance between 
the holes is must be greater than the constant 
value determined by the diameter R of the nozzle 
hole 111. Where the holes are aligned along the 
lines L, the arrangement must be such that the 
holes are not positioned at intervals smaller than 
the fixed value determined by the correlation with 
the size of the metallic particles. Two specific ex- 
amples of arrangements are the circular arrange- 
ment shown in Fig. 10 and the double circular 
arrangement shown in Fig. 12. These are the most 
advantageous arrangements both in order to pre- 
vent the random growth of the droplets C during 
their descent, as a result of mutual cohesion, but 
also from the point of view of maintaining at a 
uniform temperature, the respective molten solder 
A and molten solder B extruded from the nozzle 



holes 111. However, the square arrangement 
shown in Fig. 13 and a linear arrangement with the 
opposing two sides of the square removed, may 
also be used. The linear arrangement shown in Fig. 

5 14 can also be employed since if only the con- 
dition determined by the diameter R of the said 
nozzle hole 111 is satisfied, the said condition 
determined by the correlation of the size of the 
metallic particles no longer applies. Further, each 

w of the nozzle holes 111, as indicated in Fig. 11, is 
shaped with an upper tapered guide part 1 12. This 
tapered guide part 112 has the advantage of facili- 
tating a smooth flow of solder A (described later). 
Experiments proved that the diameter R of the 

15 nozzle hole 111 is ideally approximately one-third 
of the size of the "solder" particle Pa. In this 
embodiment, the size of the nozzle hole was 18 
urn, giving a solder particle Pa with an average 
diameter of approximately 55-65 urn. 

20 The pressure vessel 102 contains molten sol- 

der A, and is used to heat it and maintain its 
temperature at approximately 250 degrees C. In 
the middle it has a thermo-couple 113 and on the 
periphery a band heater 114, with a nozzle plate 

25 105 mounted at the bottom as described above. 
This pressure vessel 102 is sealed tightly, and 
connected to it there is an inert gas introduction 
means 115, such that an inert gas atmosphere is 
maintained inside the pressure vessel 102 and a 

30 certain pressure P can be applied to the molten 
solder A. 116 is a filter, which is mounted on the 
nozzle plate 105 in order to filter out oxidized 
particles of solids which are mixed in the molten 
solder A. The ideal materials for this filter 116 are 

35 glass fiber filter paper, silica fiber filter paper, or 
quartz fiber filter paper, which should be fire-resis- 
tant to more than 500 degrees C. 

The case 103 is constructed of a processing 
space 1 1 7, divided into sections, and overall having 

40 a tubular shape. The case 103 is external to the 
nozzle plate 5, and is designed for the purpose of 
creating particles Pa from the molten solder A 
forcibly extruded in threads from the nozzle holes 
111 on the nozzle plate 105 as a result of the 

45 pressure P; specifically by altering the overall 
shape of the droplets C which are dropped from 
the tip of the thread-shaped part B, from a droplet 
shape to a spherical shape as they cool while 
falling through the inert gas atmosphere and so- 
so lidify into particles. The molten solder A falling 
continuously in threads from each of the nozzle 
holes 1 1 1 creates an effect like that of a shower. In 
the middle of case 103 a cooling jacket 120 con- 
nected to a cooling water inlet 118 and an outlet 

55 119, constructed as a double wall, is provided. The 
height of case 103 influences the size of the pro- 
cessing space 117; an ideal height is such that the 
droplet C which falls from the tip of the thread- 
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the tips of these threads, these small droplets 
changing their whole shape from droplet shape to 
spherical shape as they cool and solidify while 
failing; with regard to the size of the metallic par- 
ticles thus formed, the occurrence of particles be- 
low a certain size, particularly "fine", is avoided, 
and further because the arrangement of nozzle 
holes is also fixed, the random growth of particles 
by clumping together while falling is prevented, 
due to a phenomena not entirely understood but 
extremely difficult to produce with any other ar- 
rangement: through these means it is possible to 
obtain a powder made of metallic particles within a 
narrow particle size distribution range compared 
with prior art methods. 

This invention permits the acquisition of a me- 
tallic powder microscopic in size (for example be- 
tween 20 and 90 urn) through a process in which 
molten metal is extruded from many microscopic 
nozzle holes, the droplets being altered to spherical 
shapes as they fall while solidifying, such metallic 
powder having non-curved surfaces in parts of the 
curved surface of the sphere; thus metallic powder 
being ideal as a metallic powder for solder. 

Claims 

1. A metallic powder made by extrusion of 
molten metal from multiple microscopic nozzle 
holes in an inert gas atmosphere, cooled while 
falling, and during that cooling changing its overall 
shape from droplet shape to spherical shape and 
hardening, said metallic powder characterized by 
having non-curved parts on parts of the curved 
surfaces forming the sphere. 

2. The metallic powder of Claim 1 in which the 
molten metal is molten solder and the metallic 
powder is solder powder. 

3. A solder paste made by kneading the solder 
powder of Claim 2 into flux. 

4. The metallic powder of Claim 1 in which the 
molten metal is either molten copper alloy, molten 
gold alloy or molten silver alloy, and the metallic 
powder is copper alloy powder, gold alloy powder 
or silver alloy powder. 

5. Copper paste, gold wax, or silver wax made 
by kneading the powders of Claim 4. 

6. A metallic powder manufacture device in 
which molten metal, under continuous pressure of 
an inert gas atmosphere, is forced through nozzle 
holes in an extrusion nozzle provided with multiple 
nozzle holes, small droplets being made to fall 
from the tips of these continuous hanging shapes, 
the shape of these microscopic droplets being al- 
tered from droplet shape to spherical shape as 
they cool and solidify while falling continuously at 
the atmospheric pressure created by the inert gas. 



7. A metallic particle manufacture device in 
which molten metal, under continuous pressure of 
an inert gas atmosphere, is forced through nozzle 
holes in a nozzle plate provided with multiple noz- 

5 zle holes in the plate, making it flow in thread-like 
shapes, small droplets being made to fall from the 
tips of these thread-like shapes, the shape of these 
microscopic droplets being altered from droplet 
shape to spherical shape as they cool and solidify 

w while falling continuously at the atmospheric pres- 
sure created by the inert gas; the metallic particle 
manufacture device being characterized, where the 
nozzle holes in the nozzle plate are arrayed in lines 
extending from the circumference of the plate and 

75 facing towards the center, and the distance be- 
tween the nozzle holes of the nozzle plate being a 
greater distance apart than a fixed value deter- 
mined in accordance with the size of the nozzle 
holes, by an arrangement of the holes so that the 

20 distance between the holes is larger than a con- 
stant value determined in accordance with the size 
of the metallic particles to be manufactured. 

8. The metallic particle manufacture device of 
Claim 6 or Claim 7 further 

25 characterized by the nozzle holes on the nozzle 
plate being arranged in straight lines, with the 
distance between the nozzle holes being greater 
than a fixed value determined in accordance with 
the size of the nozzle holes, 

30 9. The metallic particle manufacture device of 

Claim 6 or Claim 7 characterized by 
the fact that the size of the metallic particles being 
manufactured is less than 100 urn, and the size of 
the nozzle holes being approximately one-third of 

35 the size of the metallic particles. 

10. The metallic particle manufacture device of 
Claim 7 or Claim 8 characterized 
by the nozzle holes of the nozzle plate being 
arranged in one circle. 

40 11. The metallic particle manufacture device of 

Claim 7 or Claim 8 characterized 
by the nozzle holes of the nozzle plate being 
arranged in two circles, and not so that the nozzle 
holes in these circles are arranged in lines extend- 

45 ing from the circumference towards a central point 
12. A metallic particle manufacture device con- 
structed serially from top to bottom of : a pressure 
vessel provided at least with a furnace containing 
molten metal, with a nozzle plate furnished with 

so nozzle holes and formed at the bottom of the 
furnace, and a means of introducing inert gas into 
the furnace; a case provided with at least an in- 
troduction means and a discharge regulation 
means for introducing inert gas to the internal pro- 

55 cessing space and discharging it, the lower part of 
the case body shaped in an inverse conical shape; 
and a cooling means covering the exterior surface; 
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